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1
METHOD AND APPARATUS FOR NETWORK
BASED POSITIONING

FIELD

The subject matter disclosed herein relates generally to
network based positioning, and more specifically to efficient
bandwidth use in network based positioning.

BACKGROUND

Position location for mobile devices can provide various
services. For example, retailers can offer a higher level of
customized services such as concierge services or promo-
tions tailored to the user’s profile and history with the
retailer if the users opt to share their accurate location within
the store. Similarly, public venues such as airports and
museums can efficiently deliver higher level of services if
they have the knowledge of where their users are within the
venue in a timelier and more context aware manner. For
example, an airport venue may provide accurate estimates of
time to the gate incorporating real-time assessment of secu-
rity checkpoints. The airport venue could provide reminders
of flight boarding if a user is far away from their gate before
boarding time (e.g., taking into account the user’s current
location and estimated time to make it back to the gate).
Additionally the airport venue could suggest suitable outlets
nearby if a user is unfamiliar with the area (e.g., saving time
to find their preferred brand of coffee or pizza). There are
many possible use cases for various levels of position
accuracy (e.g., city block level, 50 m, 10 m, 5 m, etc.).

Conventional position location techniques based upon
signals provided by Satellite Positioning Systems and/or
cellular base stations may encounter difficulties when a
mobile device is operating within a building and/or within
urban environments. In such situations, signal reflection and
refraction, multipath, and/or signal attenuation can signifi-
cantly reduce position accuracy, and can slow the “time-to-
fix” to unacceptably long time periods. These shortcomings
may be overcome by having the mobile device exploit
signals from network based positioning (NBP), such as
Wi-Fi (e.g., IEEE 802.11x standards), to derive position
information. Conventional NBP techniques may utilize
round trip time (RTT) measurements derived from signals
utilized within a network of wireless access points. A
wireless access point (AP) can be a device that allows
wireless devices to connect to a wired network using Wi-Fi,
or other wireless standards.

Utilizing NBP measurement techniques to determine
position typically involves requesting positioning informa-
tion from nearby APs of the mobile device. A limitation of
NBP systems is in the allocation and management of limited
wireless bandwidth. For example, multiple mobile devices
simultaneously requesting positioning information from an
AP may saturate the limited bandwidth of the AP. If the AP
schedules measurement requests for all the requests simul-
taneously, the AP will be overloaded with measurement
requests and cannot take measurements for all the devices.
Furthermore, collision probability will be high. Multiple
simultaneous positioning requests will also result in high
NBP load (e.g., NBP load associated with servicing network
positioning or location requests), creating inefficiencies. If
all the requests are scheduled sequentially, then the AP may
not be able to process every request. High traffic areas such
as malls may benefit from NBP but may also be susceptible
to network overload. Additionally, APs generally will set
aside a smaller percentage of overall network bandwidth for
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2

positioning, and instead allocate most bandwidth to data
connections. There is a need for a NBP system that is able
to efficiently allocate network bandwidth.

SUMMARY

Embodiments disclosed herein may relate to a method for
network based positioning. The method includes receiving a
first positioning request for a mobile device within an
environment, the environment comprising a plurality of
access points (APs). The method further includes determin-
ing the mobile device is within a coverage area of a first AP
in the plurality of APs. The method further includes mea-
suring a NBP load for the first AP, wherein the NBP load
comprises a direct NBP load and an indirect NBP load and
determining the NBP load for the first AP is less than a
threshold NBP load. The method also includes instructing
the first AP to process the first positioning request.

A machine readable non-transitory storage medium con-
taining executable program instructions which cause a data
processing device to perform a method for network based
positioning. The method includes receiving a first position-
ing request for a mobile device within an environment, the
environment comprising a plurality of access points (APs).
The method further includes determining the mobile device
is within a coverage area of a first AP in the plurality of APs.
The method further includes measuring a NBP load for the
first AP, wherein the NBP load comprises a direct NBP load
and an indirect NBP load and determining the NBP load for
the first AP is less than a threshold NBP load. The method
also includes instructions for instructing the first AP to
process the first positioning request.

Embodiments disclosed herein may further relate to a
server including a processor and a storage device configu-
rable to perform network based positioning for the data
processing system. The system can receive a first positioning
request for a mobile device within an environment, the
environment comprising a plurality of access points (APs)
and determine the mobile device is within a coverage area of
a first AP in the plurality of APs. The system can also
measure a NBP load for the first AP, wherein the NBP load
comprises a direct NBP load and an indirect NBP load and
determine the NBP load for the first AP is less than a
threshold NBP load. The system may further instruct the first
AP to process the first positioning request.

Embodiments disclosed herein may also relate to an
apparatus that includes means for receiving a first position-
ing request for a mobile device within an environment, the
environment comprising a plurality of access points (APs).
The apparatus further includes means for determining the
mobile device is within a coverage area of a first AP in the
plurality of APs and means for measuring a NBP load for the
first AP, wherein the NBP load comprises a direct NBP load
and an indirect NBP load. The apparatus also includes means
for determining the NBP load for the first AP is less than a
threshold NBP load and instructing the first AP to process
the first positioning request.

Other features and advantages will be apparent from the
accompanying drawings and from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an exemplary operating environ-
ment for Efficient Network Based Positioning (ENBP) con-
sistent with embodiments of the disclosure;
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FIG. 2 is block diagram illustrating an exemplary server
in which embodiments of Efficient Network Based Position-
ing may be practiced;

FIG. 3 illustrates a method for Efficient Network Based
Positioning, in one embodiment; and

FIG. 4 illustrates a method for Efficient Network Based
Positioning, in another embodiment.

DETAILED DESCRIPTION

Wireless (e.g., WiFi) access points (APs) can provide
location assistance and data access (e.g., web browsing,
email, etc.) for user’s mobile devices. A location (e.g.,
building, area, or venue) can install APs in an arrangement
to accurately determine user (mobile device) position (e.g.,
Network Based Positioning). Positioning requests (e.g.,
location requests) may originate from a mobile device and
may be sent to a server (e.g., a positioning server) that may
in turn send a request to an AP within range of the mobile
device. Under heavy traffic the limited wireless bandwidth
within the venue’s system may become congested causing
delays to data access or Network Based Positioning.

In one embodiment, an Efficient Network Based Position-
ing (ENBP) system schedules mobile device positioning
requests according to determined network availability.
ENBP (e.g., implemented at a server) can receive a posi-
tioning request from a mobile device within a venue or
location. ENBP can determine a visible AP list including
APs that communicate within range of each other and
determine which visible APs are within range of the mobile
device requesting positioning assistance.

In one embodiment, ENBP determines NBP load of the
visible APs within range of the mobile device. The NBP load
can be a direct NBP load or an indirect NBP load. Direct
NBP load can be measured as time spent by a target AP
sending data (e.g., packets), receiving data, and managing
channel communication (e.g., changing channels). Indirect
NBP load can be measured as time spent by a nearby AP
(e.g., within range of the aforementioned target AP) sending
or receiving data on a home-channel of the target AP. In one
embodiment, in response to determining direct and indirect
NBP loads, positioning requests are scheduled for process-
ing by APs in disjointed coverage areas concurrently and in
a manner to minimize network congestion.

In one embodiment, ENBP minimizes network conges-
tion and collision by limiting NBP load for busy APs. For
example, ENBP can hold back (e.g., throttle on the server)
received positioning requests from being processed at a
respective AP until sufficient network bandwidth becomes
available (e.g., according to the NBP load threshold).

FIG. 1 is a diagram of an exemplary operating environ-
ment for ENBP consistent with embodiments of the disclo-
sure. ENBP may be implemented in an environment 101 that
can include a mobile device 108, server 110, and one or
more APs 100A-D which may contribute towards determin-
ing network based position of the mobile device 108. In one
embodiment, ENBP is executed on or integrated into the
server 110 as illustrated below in FIG. 2. The operating
environment 101 may include multiple access points (e.g.,
APs 100A-D) used for wireless voice and/or data commu-
nication, as well as independent sources of position data.
The APs 100A-D can be part of a Wireless Local Area
Network (WLAN), which may operate in buildings such as
offices, shopping centers, outdoors, or in any other installa-
tions. APs may be interconnected to each other, the server,
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4

and mobile devices via, for example, WiFi networks
(802.11x), cellular piconets and/or femtocells, Bluetooth
Networks, etc.

In one embodiment, mobile device 108 sends a position-
ing request to server 110 and server 110 determines which
AP if any, will provide measurements associated with the
positioning request. The positioning request may be sent to
server 110 through network 112, for example, as a http
request through a local area network, for example through an
associated AP of the WLAN described herein. In other
aspects, the wireless communication system used to send the
positioning request may comprise a cellular telephony net-
work or femtocells, such as, for example, TDMA, LTE,
Advanced LTE, WCDMA, UMTS, 4G, or GSM. Addition-
ally, any other type of wireless networking technologies may
be used, for example, WiMax (802.16), Ultra Wide Band,
ZigBee, wireless USB, etc. In yet other aspects, the mobile
device 108 does not initiate the positioning request. For
example, the environment (e.g., venue, or building system)
may initiate a request for positioning a mobile device within
the network. In one such example, upon detecting an
intruder or unknown mobile device within the environment,
the server may instruct APs within range of the mobile
device to determine positioning of the mobile device. For
example, the server 110 may initiate mobile device posi-
tioning in response to determining an unknown MAC
address within a secure or designated area of the venue or
environment.

When determining position using AP measurements, the
mobile device 108 may utilize time of arrival and signal
strength techniques with or without the assistance of the
server 110. The server 110 may communicate to the mobile
device 108 through network 112. Network 112 may include
a combination of wired and wireless networks which incor-
porate the one or more APs (e.g., APs 100A-D). In one
embodiment, each AP may be, for example, a WiFi wireless
access point, which may be either in a fixed position or may
change location. The position of each AP in a common
coordinate system may be known a-priori and stored in the
server 110 (e.g., within a location database). In some
embodiments, each respective AP can perform range mea-
surement techniques to determine the AP’s relative position
to other visible APs and mobile devices in the network.
Determining relative location of each AP is beneficial for
updating AP location when APs are move or are relocated.
Range measurements described herein may comprise or may
be based at least in part on any of a variety of measurement
types, including, for example, time of arrival (TOA), time
difference of arrival (TDOA), round trip time (RTT), or
received signal strength indicator (RSSI).

In one embodiment, the position of the mobile device 108
may be determined by having the mobile device 108 receive
signals from each AP within the network. Each signal may
be associated with its originating AP based upon some form
of identifying information that may be included in the
received signal (such as, for example, a MAC address). The
mobile device 108 may then derive the time delays associ-
ated with each of the received signals. The mobile device
108 may then form a message which can include the time
delays and the identifying information of each of the APs,
and send the message via network 112 to the server 110.
Based upon the received message, the server may then
determine a position, using the stored locations of the
relevant APs within the network, of the mobile device 108.

FIG. 1 further illustrates APs 100A-D and the mobile
device 108 with X and Y coordinates on a plane (e.g., AP
100A at (x2, y2), AP 100B at (x4, y4), AP 100C at (x3, y3),
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AP 100D at (x1, y1), and device 108 at (x5, y5)). Areas
illustrated with the dotted lines 190A-D show each respec-
tive coverage area for AP 100A-D. For example, the mobile
device 108 is shown as being within the coverage or visible
area 190A associated with AP 100A. The exemplary cover-
age areas illustrated in 190A-D show a symmetrical circles/
spheres, however due to obstructions or interference (e.g.,
walls, or signal blocking objects) the actual coverage area in
some embodiments may be entirely asymmetrical.

Also illustrated in FIG. 1 are exemplary channel configu-
rations for the APs. For example AP 100A is illustrated as
having a home-channel of “6.” AP 100B is illustrated as also
having a home-channel of “6.” AP 100C is illustrated as
having a home-channel of “1.” AP 100D is illustrated as
having a home-channel of “11.” APs 100A-D may also
occasionally operate on other channels (e.g., off home-
channel). As illustrated in FIG. 1, AP 100A and AP 100B are
within each other’s coverage area and are operating on the
same home-channel “6.” Therefore, AP 100A is a home-
channel visible AP to AP 100B and AP 100B is a home-
channel visible AP to AP 100A. 100D is an off-channel
visible AP to AP 100A, and 100C as illustrated is not visible
to AP 100A.

FIG. 2 is block diagram illustrating an exemplary server
in which embodiments of Efficient Network Based Position-
ing may be practiced. For the sake of simplicity, the various
features and functions illustrated in the box diagram of FIG.
2 are connected together using a common bus meant to
represent that these various features and functions are opera-
tively coupled together. Those skilled in the art will recog-
nize that other connections, mechanisms, features, func-
tions, or the like, may be provided and adapted as necessary
to operatively couple and configure a data processing system
(e.g., server 110). Further, it is also recognized that one or
more of the features or functions illustrated may be further
subdivided or combined.

The server 110 may include a network interface 205
configured to communicate with a network (e.g., network
112), which may be configured to communicate with other
servers, computers, and devices (e.g., mobile device 108 and
APs 100A-D).

A processor 210 may be connected to the network inter-
face 205, and the memory 240. The processor may include
one or more microprocessors, microcontrollers, and/or digi-
tal signal processors that provide processing functions, as
well as other calculation and control functionality. Processor
210 may include any form of logic suitable for performing
at least the techniques provided herein. For example, pro-
cessor 210 may be operatively configurable based on
instructions in memory 240 to selectively initiate one or
more routines that exploit ENBP.

The memory 240 can store data and software instructions
for executing programmed functionality within the server.
The memory 240 may be on-board the processor 210 (e.g.,
within the same IC package), and/or the memory may be
external memory to the processor and functionally coupled
over a data bus. The details of software functionality asso-
ciated with aspects of the disclosure will be discussed in
more detail below.

A number of software modules or data tables may reside
in memory 240 and be utilized by the processor 210 in order
to manage communications, and ENBP functionality. As
illustrated in FIG. 2, memory 240 may include location
database 220, and the ENBP 250. One should appreciate that
the organization of the memory contents as shown in FIG. 2
is merely exemplary, and as such the functionality of the
modules and/or data structures may be combined, separated,
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and/or be structured in different ways depending upon the
implementation of the mobile device. In one embodiment,
ENBP 250 may be a process running on the processor 210
of the server 110, which provides for enhanced position
management for mobile devices and APs as described
herein. While the location database 220 and ENBP 250
shown in FIG. 2 are illustrated as contained in memory 240,
it is recognized that in certain implementations such proce-
dures may be provided for or otherwise operatively arranged
using other or additional mechanisms. For example, all or
part of ENBP module 250 may be provided in firmware.
Additionally, while location database 220 and ENBP module
250 are illustrated as being separate features, it is recog-
nized, for example, that such procedures may be combined
together as one procedure or perhaps with other procedures,
or otherwise further divided into a plurality of sub-proce-
dures.

The location database 220 may store locations of APs and
mobile devices. The server may optionally store auxiliary
position/motion data in memory that may be derived from
information received from various sources at the device 108
as described below. Moreover, in other embodiments,
supplemental information may include, but not be limited to,
information that can be derived or based upon Bluetooth
signals, beacons, RFID (radio-frequency identification) tags,
and/or information derived from a map (e.g., receiving
coordinates from a digital representation of a geographical
map by, for example, a user interacting with a digital map).

The server may include an input/output controller 255 to
provide any suitable interface systems, such as a micro-
phone/speaker, keypad, and display that allows for local
input to the server.

FIG. 3 illustrates a method for Efficient Network Based
Positioning, in one embodiment. At block 300, the embodi-
ment (e.g., ENBP) receives a first positioning request for a
mobile device within an environment, the environment
comprising a plurality of APs. For example, the mobile
device may request positioning assistance, or the venue may
request that a mobile device be tracked while within the
environment.

At block 305, the embodiment determines the mobile
device is within a coverage area of a first AP in the plurality
of APs. In one embodiment, a device is within a respective
AP coverage area if the device has an established data
connection to the AP or if the respective AP can sense and
decode the packets transmitted by the device. Being within
a coverage area of an AP may also be described as being
“visible” to the AP. Other APs may also be within a coverage
area of an AP if the AP can detect the other APs wireless data
(e.g., packets or other signals).

At block 310, the embodiment measures a NBP load for
the first AP, wherein the NBP load comprises a direct NBP
load and an indirect NBP load. Direct NBP load can be
defined as time spent by the respective AP sending or
receiving data associated with mobile device positioning.
For example, direct NBP load may include time spent by the
first AP performing at least one of: sending measurement
data, receiving measurement data, switching communication
channels, sending keep-awake packets, or any combination
thereof. Indirect NBP load can include data sent or received
by a different (other) AP within a coverage area and oper-
ating (e.g., transmit and receive) on the same channel of the
respective AP (e.g., the home-channel). For example, indi-
rect NBP load may include time spent by APs within a
coverage area of the a respective AP (e.g., the target or
primary AP) performing, at least one of: sending measure-
ment data on a home-channel of the respective AP, sending
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keep-awake packets on the home-channel of the respective
AP, or any combination thereof. EBNP can calculate NBP
load (e.g., a total NBP load) by summing the direct and
indirect load for an AP.

At block 315, the embodiment determines the NBP load
for the first AP is less than a threshold NBP load. In some
embodiments, EBNP maintains a threshold NBP load to
avoid oversaturating or overloading an AP with positioning
requests. ENBP may monitor each respective AP’s band-
width use related to mobile device positioning. The thresh-
old NBP load may be determined according to predeter-
mined load limits or targets. For example, limits set by a
network system administrator to ensure efficient usability for
users on the network. In response to meeting the threshold
NBP load (e.g., a specified minimum available amount of
bandwidth to accommodate new requests) for the respective
AP, additional positioning requests may be efficiently sched-
uled for processing by the respective AP. The server can
iterate through each AP within the network of APs to
schedule mobile device positioning requests within the
respective AP’s coverage area. Aided by NBP load infor-
mation obtained from each respective AP, the server can
schedule mobile device positioning requests concurrently
for devices in non-overlapping coverage areas within the
network. Advantageously, network based positioning inef-
ficiencies such as collision and sequential positioning
request overloads are reduced or eliminated.

At block 320, the embodiment instructs the first AP to
process the first positioning request. For example, the server
may send, to a respective AP, a request to perform position-
ing measurements.

FIG. 4 illustrates a method for Efficient Network Based
Positioning, in another embodiment. At block 400, the
embodiment (e.g., EBNP implemented at the server 110)
determines a visible AP list for each AP in the network (e.g.,
APs 100A-D). For example, the server 110 may iterate
coverage determinations through a set of APs, such that
during each iteration one AP is considered a primary AP
(e.g., AP 100A) and coverage is determined with respect to
visible secondary APs (e.g., APs 100B-D) in the network. In
one embodiment, secondary APs are visible to a primary AP
if the primary can sense the packets transmitted by the
secondary AP when both APs are operating on the same
channel. Each respective AP has a total NBP load that is
affected by measurement packets transmitted by the respec-
tive AP itself and also packets transmitted by visible APs
(e.g., measurement packets). For each AP in a network of
APs, a set of home-channel (e.g., main or designated oper-
ating channel of the primary AP, or a channel in which a
majority of communication occurs for an AP) and off-
channel (e.g., channels other than the home-channel) visible
(secondary) APs can be determined relative to the primary
AP. If expected/estimated RSSI between the primary and
secondary APs is greater than a predetermined threshold
(e.g., configurable), the secondary APs can be considered
visible (e.g., within the coverage area of the primary AP).
The visible AP list can be pre-computed (e.g., by server 110
or at each primary AP) for all the APs in the network. The
visible AP list can be re-computed/analyzed periodically or
aperiodically (e.g., when there is a change in the network
configuration). Therefore, each AP can have an associated
set of visible APs. In some embodiments, a server storing a
location database containing visible AP associations main-
tains a visible AP list for each AP.

At block 405, the embodiment receives a positioning
request. For example, a mobile device may request posi-
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tioning assistance from a server directly, or a venue may
request positioning of a mobile device within the venue.

At block 410, the embodiment finds AP(s) having a
mobile device within the AP’s coverage area. In one
embodiment, the server iterates through one or more mobile
devices that are the objects of positioning requests and
determines an associated AP coverage area for each of the
mobile devices. The server (e.g., server 110) can determine
whether a device is in a particular AP’s coverage area. Each
device within the environment may be within one, or mul-
tiple AP coverage areas at the same time (e.g., concurrently
or simultaneously). Mobile devices visible to (e.g., within
the coverage area of) an AP may be associated or un-
associated devices. Associated devices may be defined as
devices electronically coupled to the AP, such as a connec-
tion for accessing the Internet or a local area network.

At block 415, the embodiment measures (e.g., computes
or calculates) instantaneous NBP load for an AP within
coverage having a device requesting position in their AP
coverage area. In one embodiment, NBP load refers to NBP
load associated with positioning of a mobile device in the
network. For example, positioning measurement packets,
device keep-awake packets and other positioning related
data. In one embodiment, NBP load excludes data traffic
associated with other aspects of an AP’s network traffic
unrelated to positioning or servicing positioning requests,
such as providing Internet data access. NBP load may
include of one or more of direct NBP load and indirect NBP
load.

In one embodiment, direct NBP load represents a mea-
surement of time spent by the AP while transmitting and
receiving packets (e.g., positioning or measurement pack-
ets). Direct NBP load can include time spent by the AP in
transmitting RT'T/RSSI measurement packets in the home-
channel, time spent by the AP in transmitting RTT/RSSI
measurement packets in the off-channel, as channel change
time, and time spent by AP in transmitting keep-awake
packets (e.g., packets sent to keep a device out of power save
mode).

In one embodiment indirect NBP load represents a mea-
surement of time spent by visible APs in transmitting/
receiving measurement packets in the operating (e.g. home
or main) channel of a target/primary AP (e.g., AP 100A).
This includes keep awake packets transmitted by home-
channel visible APs and RTT/RSSI Measurement packets
transmitted by visible APs in the primary AP (home) chan-
nel.

In one embodiment, ENBP analyzes NBP load as the
combination of direct and indirect measurement load. ENBP
may measure NBP load in percentages of 0 to 100 percent,
such that a fully loaded network is a 100% load, while a
network without any activity is 0%. When measured NBP
load for an AP is below a configurable threshold NBP load
(e.g., 60-80% load or some other predetermined metric),
ENBP can schedule a new positioning request for devices
within the AP’s coverage area. In some embodiments, ENBP
may request an AP clear all indirect NBP load before
processing position requests. Indirect NBP load may be
given higher priority because it represents time that the AP
is away from its home-channel and is therefore unable to
manage its home-channel traffic. Therefore, it may be advan-
tageous in some implementations to request an AP to process
indirect network requests before scheduling mobile device
positioning requests. In other embodiments, ENBP may
balance some indirect NBP load with positioning requests
and indirect NBP load traffic may be given priority of
execution over direct network traffic.
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In one embodiment, NBP load is an instantaneous NBP
load measured or calculated at a distinct point in time. ENBP
may perform multiple instantaneous NBP load measure-
ments over a period of time. For example, ENBP can
determine an aperiodic or periodic NBP load measurement
(e.g., every 100 milliseconds, or other configurable duration)
for each of the APs in the environment. In one embodiment,
when the measured instantaneous NBP load for an AP is
below a configurable threshold NBP load, ENBP schedules
a new positioning request for the device in the measured
AP’s coverage area.

At block 420, the embodiment measures average NBP
load. ENBP can compute an average NBP load from a set of
instantaneous measurement loads. For example, over a
period of time (e.g., 10 milliseconds, 1 second, or some
other duration) measured instantaneous NBP loads for an AP
may be averaged together to determine an AP’s average
measurement. The period of time over which average NBP
load is computed may be configurable (e.g., a user configu-
ration file). For example, ENBP can compute average NBP
load periodically (e.g., every 100 milliseconds. or some
other duration) or aperiodically.

In one embodiment, when an average NBP load for an AP
exceeds an average threshold NBP load, ENBP pauses
scheduling (e.g., denies, or holds) positioning requests for
the devices in the measured AP’s coverage area. In one
embodiment, an average threshold NBP load may be differ-
ent (e.g., higher or lower in percentage of network saturation
that is allowed) than an instantaneous threshold NBP load.
For example, a venue may limit a percentage of total NBP
load dedicated to positioning in order to allow for other
network data use (e.g., communication data such as user’s
Internet access). Therefore, in order to allow for other
activity on the network, an average threshold NBP load may
be higher (e.g., allow for less network saturation) than the
instantaneous threshold NBP load which may allow for
greater network saturation for isolated instances in time.

At block 425, the embodiment determines if instanta-
neous and average threshold NBP loads are met. In one
embodiment, both the instantaneous and average threshold
NBP load is satisfied before proceeding to instructing an AP
to process the AP request. As described above, the instan-
taneous threshold NBP load may be higher (e.g., allows for
more network activity) than the average threshold NBP load.
For example, the average threshold NBP load may be set in
a way that takes into account that data use (e.g., Internet
access) may be less susceptible to small packet delays at the
AP. In contrast, NBP may yield noticeable performance
differences when impacted with even small amounts of AP
service delay. When instantaneous or average NBP load
exceeds their respective threshold NBP load (instantaneous
or average), the embodiment returns to block 415 and 420
measuring instantaneous and average NBP load until the
bandwidth falls at or below the threshold NBP load. For
example, ENBP may hold, or delay requests to process the
positioning request at the respective AP.

At block 430, the embodiment instructs (e.g., in response
to determining the thresholds were met) the AP to process
the positioning request. When NBP load thresholds (e.g.,
instantaneous NBP load, average NBP load) are met (e.g., a
target AP is below a configurable threshold), ENBP can
schedule a positioning request for a device in the target AP’s
coverage area. If the thresholds were not met, the embodi-
ment returns to block 415 to re-check instantaneous and
average NBP load.

At block 435, the embodiment determines if there are
additional APs for which the mobile device is within their
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coverage area. For example, a mobile device may be within
multiple AP coverage areas. For each AP with the mobile
device within its coverage area, ENBP returns to block 415
to determine whether the threshold NBP loads are met, and
accordingly instructs the respective AP to process a posi-
tioning request. If a mobile device is within two AP coverage
areas concurrently, ENBP determines whether the respective
two APs are visible to each other. If the two APs are not
visible (e.g., they are not within each others AP coverage
area, also referred to herein as “disjoint”) then positioning
requests from the mobile device may be processed concur-
rently at each of the APs. Otherwise, ENBP determines
when each respective AP has availability (e.g., threshold
NBP load is met) to process a positioning request associated
with the mobile device.

In one embodiment, ENBP can schedule or arrange two or
more positioning requests within an AP’s coverage area
according to the expiration time or timeout of their request.
For example, within an AP’s coverage area, multiple posi-
tioning requests may be outstanding or waiting to be pro-
cessed (e.g., the multiple requests may be associated with
the same or different mobile devices in the coverage area).
A positioning request having a short expiration time relative
to all other request’s expiration times may be scheduled for
processing before a different device having a request set to
expire later. In other words, ENBP can prioritize positioning
requests according to timeout or expiration such that the
next positioning request to expire or timeout will be serviced
when a respective AP has availability (e.g., accord to thresh-
old NBP load).

In one embodiment, an AP can determine whether posi-
tioning request is associated with a mobile device that is
awake. An AP may also send requests to keep a device
awake, and notify the server of each request’s awake status.
ENBP can monitor awake or timeout notifications received
at the server to organize and schedule positioning requests in
disjoint AP coverage areas concurrently. For example,
awake devices may be prioritized over asleep devices. As
used herein, concurrent scheduling describes two or more
APs within the network scheduling positioning requests at
the same time or approximately the same time (e.g., con-
currently or simultaneously). For example, with respect to
FIG. 1, a device in coverage area 190A may be scheduled for
processing by AP 100A at the same time as a device in
coverage area 190C is being processed by AP 100C. ENBP
can perform the scheduling described herein for both single
channel and multi-channel network AP configurations.

Aspects of ENBP disclosed in the above description and
related drawings are directed to specific embodiments of the
invention. Alternate embodiments may be devised without
departing from the scope of the invention. Additionally,
well-known elements of the invention may not be described
in detail or may be omitted so as not to obscure the relevant
details of the invention.

The word “exemplary” or “example” is used herein to
mean “serving as an example, instance, or illustration.” Any
aspect or embodiment described herein as “exemplary” or as
an “example” is not necessarily to be construed as preferred
or advantageous over other aspects or embodiments.

ENBP may be implemented as software, firmware, hard-
ware, module (e.g., ENBP module 250) or engine. In one
embodiment, the previous ENBP description (e.g., the meth-
ods illustrated in FIGS. 3 and 4) may be implemented by the
general purpose processor (e.g., processor 210 in AP 100) to
achieve the previously desired functions.

It should be appreciated that when the AP 100 is a mobile
or wireless device that it may communicate via one or more
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wireless communication links through a wireless network
that are based on or otherwise support any suitable wireless
communication technology. For example, in some aspects
computing device or server may associate with a network
including a wireless network. In some aspects the network
may comprise a body area network or a personal area
network (e.g., an ultra-wideband network). In some aspects
the network may comprise a local area network or a wide
area network. A wireless device may support or otherwise
use one or more of a variety of wireless communication
technologies, protocols, or standards such as, for example,
CDMA, TDMA, OFDM, OFDMA, WiMAX, and Wi-Fi.
Similarly, a wireless device may support or otherwise use
one or more of a variety of corresponding modulation or
multiplexing schemes. A mobile wireless device may wire-
lessly communicate with other mobile devices, cell phones,
other wired and wireless computers, Internet web-sites, etc.

The teachings herein may be incorporated into (e.g.,
implemented within or performed by) a variety of appara-
tuses (e.g., devices). For example, one or more aspects
taught herein may be incorporated into a phone (e.g., a
cellular phone), a personal data assistant (PDA), a tablet, a
mobile computer, a laptop computer, a tablet, an entertain-
ment device (e.g., a music or video device), a wearable
device (e.g., headphones, watch, an earpiece, etc.), a user
1/0 device, a computer, a server, a point-of-sale device, an
entertainment device, a set-top box, or any other suitable
device.

In some aspects a wireless device may comprise an access
device (e.g., a WiFi access point) for a communication
system. Such an access device may provide, for example,
connectivity to another network (e.g., a wide area network
such as the Internet or a cellular network) via a wired or
wireless communication link. Accordingly, the access
device may enable another device (e.g., a WiFi station) to
access the other network or some other functionality. In
addition, it should be appreciated that one or both of the
devices may be portable or, in some cases, relatively non-
portable.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and software,
various illustrative components, blocks, modules, circuits,
and steps have been described above generally in terms of
their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The various illustrative logical blocks, modules, and
circuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a
general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
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programmable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard-
ware components, or any combination thereof designed to
perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

The steps of a method or algorithm described in connec-
tion with the embodiments disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers,
hard disk, a removable disk, a CD-ROM, or any other form
of storage medium known in the art. An exemplary storage
medium is coupled to the processor such the processor can
read information from, and write information to, the storage
medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a
user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a user
terminal.

In one or more exemplary embodiments, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware as a computer program product, the functions may be
stored on or transmitted over as one or more instructions or
code on a non-transitory computer-readable medium. Com-
puter-readable media can include both computer storage
media and communication media including any medium that
facilitates transfer of a computer program from one place to
another. A storage media may be any available media that
can be accessed by a computer. By way of example, and not
limitation, such non-transitory computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other opti-
cal disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to
carry or store desired program code in the form of instruc-
tions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a com-
puter-readable medium. For example, if the software is
transmitted from a web site, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wireless technologies such
as infrared, radio, and microwave are included in the defi-
nition of medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital versatile
disc (DVD), floppy disk and blu-ray disc where disks
usually reproduce data magnetically, while discs reproduce
data optically with lasers. Combinations of the above should
also be included within the scope of non-transitory com-
puter-readable media.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or
use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but
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is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

What is claimed is:

1. A method for network based positioning (NBP), the
method comprising:

receiving a first positioning request for a mobile device

within an environment, the environment comprising a
plurality of access points (APs);

determining the mobile device is within a coverage area

of a first AP in the plurality of APs;

measuring a NBP load of the first AP, wherein the NBP

load comprises a direct NBP load and an indirect NBP
load, wherein the indirect NBP load of the first AP
comprises time spent by a second AP within the cov-
erage area of the first AP sending range measurement
data on a first channel of the first AP, the first channel
being a home channel of the first AP;

determining the NBP load for the first AP is less than a

threshold NBP load; and

instructing the first AP to process the first positioning

request.
2. The method of claim 1, wherein the direct NBP load of
the first AP comprises time spent by the first AP performing
at least one of: sending range measurement data, receiving
range measurement data, switching communication chan-
nels, sending keep-awake packets, or any combination
thereof.
3. The method of claim 1, wherein the indirect NBP load
of the first AP comprises time spent by a second AP within
the coverage area of the first AP performing, at least one of:
sending measurement data on a first channel of the first AP,
sending keep-awake packets on the first channel of the first
AP, or any combination thereof.
4. The method of claim 1, wherein the coverage area
comprises a section of the environment where the first AP
detects packets transmitted by the mobile device.
5. The method of claim 1, wherein the instructing the first
AP to process the first positioning request is performed in
response to determining the first positioning request is a next
positioning request to timeout.
6. The method of claim 1, wherein the instructing the first
AP to process the first positioning request is performed in
response to:
determining the mobile device is within a coverage area
of'a second AP in the plurality of APs concurrently with
being in the coverage area of the first AP; and

selecting, in response to determining the NBP load for the
first AP is less than the second AP’s NBP load, the first
AP to process the first positioning request.

7. The method of claim 1, further comprising:

determining a second AP is outside of the coverage area
of the first AP, wherein the coverage area comprises a
section of the environment where the first AP detects
packets transmitted by the second AP.

8. The method of claim 7, further comprising:

instructing the second AP to process a second positioning

request concurrently with the first AP’s processing of
the first positioning request.

9. A machine readable non-transitory storage medium
containing executable program instructions which cause a
data processing device to perform a method for network
based positioning comprising:

receiving a first positioning request for a mobile device

within an environment, the environment comprising a
plurality of access points (APs);

determining the mobile device is within a coverage area

of a first AP in the plurality of APs;
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measuring a NBP load of the first AP, wherein the NBP
load comprises a direct NBP load and an indirect NBP
load, wherein the indirect NBP load of the first AP
comprises time spent by a second AP within the cov-
erage area of the first AP sending range measurement
data on a first channel of the first AP, the first channel
being a home channel of the first AP;

determining the NBP load for the first AP is less than a

threshold NBP load; and

instructing the first AP to process the first positioning

request.

10. The medium of claim 9, wherein:

the direct NBP load of the first AP comprises time spent

by the first AP performing at least one of: sending range
measurement data, receiving range measurement data,
switching communication channels, sending keep-
awake packets, or any combination thereof; and

the indirect NBP load of the first AP is measured as time

spent by a second AP within the coverage area of the
first AP sending keep-awake packets on the first chan-
nel of the first AP.

11. The medium of claim 9, wherein the coverage area
comprises a section of the environment where the first AP
detects packets transmitted by the mobile device.

12. The medium of claim 9, wherein the instructing the
first AP to process the first positioning request is performed
in response to determining the first positioning request is a
next positioning request to timeout.

13. The medium of claim 9, wherein the instructing the
first AP to process the first positioning request is performed
in response to:

determining the mobile device is within a coverage area

of a second AP in the plurality of APs concurrently with
being in the coverage area of the first AP; and
selecting, in response to determining the NBP load for the
first AP is less than the second AP’s NBP load, the first
AP to process the first positioning request.
14. The medium of claim 9, further comprising:
determining a second AP is outside of the coverage area
of the first AP, wherein the coverage area comprises a
section of the environment where the first AP detects
packets transmitted by the second AP; and
instructing the second AP to process a second positioning
request concurrently with the first AP’s processing of
the first positioning request.

15. A server to provide network based positioning com-
prising:

a processor; and

a storage device coupled to the processor and configurable

for storing instructions, which, when executed by the
processor, cause the processor to:

receive a first positioning request for a mobile device

within an environment, the environment comprising a
plurality of access points (APs);
determine the mobile device is within a coverage area of
a first AP in the plurality of APs;

measure a NBP load of the first AP, wherein the NBP load
comprises a direct NBP load and an indirect NBP load,
wherein the indirect NBP load of the first AP comprises
time spent by a second AP within the coverage area of
the first AP sending range measurement data on a first
channel of the first AP, the first channel being a home
channel of the first AP;

determine the NBP load for the first AP is less than a

threshold NBP load; and

instruct the first AP to process the first positioning request.
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16. The server of claim 15, wherein the direct NBP load
of the first AP comprises time spent by the first AP perform-
ing at least one of: sending range measurement data, receiv-
ing range measurement data, switching communication
channels, sending keep-awake packets, or any combination
thereof.

17. The server of claim 15, wherein the indirect NBP load
of the first AP comprises time spent a second AP within the
coverage area of the first AP performing, at least one of:
sending measurement data on a first channel of the first AP,
sending keep-awake packets on the first channel of the first
AP, or any combination thereof.

18. The server of claim 15, wherein the coverage area
comprises a section of the environment where the first AP
detects packets transmitted by the mobile device.

19. The server of claim 15, wherein the instructing the
first AP to process the first positioning request is performed
in response to determining the first positioning request is a
next positioning request to timeout.

20. The server of claim 15, wherein the instructing the
first AP to process the first positioning request is performed
in response to executing instructions to:

determine the mobile device is within a coverage area of

a second AP in the plurality of APs concurrently with
being in the coverage area of the first AP; and

select, in response to determining the NBP load for the

first AP is less than the second AP’s NBP load, the first
AP to process the first positioning request.

21. The server of claim 15, further comprising instruc-
tions to:

determine a second AP is outside of the coverage area of

the first AP, wherein the coverage area comprises a
section of the environment where the first AP detects
packets transmitted by the second AP.

22. The server of claim 21, further comprising instruc-
tions to:

instruct the second AP to process a second positioning

request concurrently with the first AP’s processing of
the first positioning request.

23. An apparatus for network based positioning compris-
ing:

means for receiving a first positioning request for a

mobile device within an environment, the environment
comprising a plurality of access points (APs);

means for determining the mobile device is within a

coverage area of a first AP in the plurality of APs;
means for measuring a NBP load of the first AP, wherein
the NBP load comprises a direct NBP load and an
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indirect NBP load, wherein the indirect NBP load of the
first AP comprises time spent by a second AP within the
coverage area of the first AP sending range measure-
ment data on a first channel of the first AP, the first
channel being a home channel of the first AP;

means for determining the NBP load for the first AP is less

than a threshold NBP load; and

means for instructing the first AP to process the first

positioning request.
24. The apparatus of claim 23, wherein the direct NBP
load of the first AP comprises time spent by the first AP
performing at least one of: sending range measurement data,
receiving range measurement data, switching communica-
tion channels, sending keep-awake packets, or any combi-
nation thereof.
25. The apparatus of claim 23, wherein the indirect NBP
load of the first AP comprises time spent a second AP within
the coverage area of the first AP performing, at least one of:
sending measurement data on a first channel of the first AP,
sending keep-awake packets on the first channel of the first
AP, or any combination thereof.
26. The apparatus of claim 23, wherein the coverage area
comprises a section of the environment where the first AP
detects packets transmitted by the mobile device.
27. The apparatus of claim 23, wherein the instructing the
first AP to process the first positioning request is performed
in response to determining the first positioning request is a
next positioning request to timeout.
28. The apparatus of claim 23, wherein the instructing the
first AP to process the first positioning request is performed
in response to:
means for determining the mobile device is within a
coverage area of a second AP in the plurality of APs
concurrently with being in the coverage area of the first
AP; and

means for selecting, in response to determining the NBP
load for the first AP is less than the second AP’s NBP
load, the first AP to process the first positioning request.

29. The apparatus of claim 23, further comprising:

means for determining a second AP is outside of the

coverage area of the first AP, wherein the coverage area
comprises a section of the environment where the first
AP detects packets transmitted by the second AP.

30. The apparatus of claim 29, further comprising:

means for instructing the second AP to process a second

positioning request concurrently with the first AP’s
processing of the first positioning request.
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